Objective. Removal and detoxification of azo dye by photocatalysis with TiO 2 . Materials and methods. TiO 2 films were prepared by sedimentation at pH 1.3, using as support a borosilicate glass, annealed for 1 hour at 450 °C. Physical characterization was performed by Scanning Electron Microscopy, X-ray diffraction and UV/VIS spectrometry. Dye Black Reactive 5 removal was carried-out in a quartz photo-reactor. Results. Optical characterization revealed the films displayed evident TiO 2 spherical particles of various irregular sizes, porous, and without fractures. The average crystal size was 77.5 nm and 77.7 nm for 50 °C (dried temperature) and 450 ºC (annealed temperature) respectively. The energy of the band gap (GAP) was 3.02 and 2.68 eV respectively. Maximum concentration of dye that negatively affected color removal was 80 mg/L (17%). At lower dye's concentrations (10, 50 and 70mg/L) decolorization was greater than 80%. TiO 2 films were reused for five consecutive cycles of 6 hours at 10 mg/L (>80%), and three cycles of 10 hours at 70 mg/L (> 80%). Toxicity results demonstrate that Daphnia magna was more sensitive than Lactuca sativa. Conclusions. TiO 2 films obtained by sedimentation demonstrated a high reactive black 5 decolorization and COD removal (86% and 100%), as well as toxicity reduction.
Introduction
Reactive black 5 ((tetrasodium-4-amino-5-hydroxy-3, 6 (bis(4-(2-(sulfonatooxi) ethylsulfonyl) phenyl) azo)-naphthalene-2, 7-disulfonate)) is a common dye used in the textile industry. It is an azo-dye, consisting of two aromatic rings linked by a nitrogen double bond. This complex structure is considered a chromophore group that is associated with auxochromic amino or hydroxyl groups. This property determines the dye's absorption wavelength, and fiber affinity. Additionally, the dye contains sulphate sodium (Na + SO 3 ), which acts as a solubilizing agent. Biological degradation implementing traditional treatment systems (activated sludge reactor, upflow anaerobic reactors and bio optional) is slow and may form an intermediate compound, which is more persistent than the original. These intermediates are not detected by spectrometry visible, because they absorb in the ultraviolet range between 200 and 400 nm) (1) . For this reason they generate a variable environmental impact related to photosynthesis inhibition, decreased dissolved oxygen concentration, alteration of some populations at different trophic levels, and aquatic ecosystem persistence (2, 3) .
The pressure exerted by institutions that regulate national and international environmental policies and the need companies have to implement cleaner production systems have generated concern to evaluate and implement other types of treatments to ensure color removal, chemical oxygen demand (COD), and reduced toxicity. An alternative presented by The Green Chemistry and Solid State Physics is the implementation of heterogeneous photocatalysis with titanium dioxide using natural or artificial light. In this process there are basically two photo-chemical reactions that take place on the surface of TiO2 when irradiated with ultraviolet light (UV): i) photo-induced redox reactions of adsorbed substances and ii) TiO2 induced hydrophilic photo-conversion. TiO2 semiconductor has become, by the combination of these two types of reactions, a potential application in waste-water treatment. The partial transformation or mineralization of the pollutants by the action of a semiconductor, is based on the generation of electron-hole pairs and subsequent recombination processes of interfacial charge transfer (oxidative or reductive) that promote the oxidation of a variety of pollutants and inactivation of microorganism in short periods of time (4, 5) .
Generally in azo dyes, photocatalytic oxidation near to the azo bond is the attacked site and the aromatic intermediates are released (6) . These phenolic compounds can be transformed into organic acid by naphthalene ring opening to form aliphatic intermediates. Under these conditions mineralization is possible with subsequent CO 2 formation. However, it has been reported for some compounds the generation of fragments more toxic than the parent compound. Thus, implementation of bioassay with different types of organisms is critical to perform toxicity measurements. Daphnia magna is often used for evaluation of acute, as well as chronic toxicity, in industrial waste-water and dyes. Different countries employ this organism because of its fastgrowing properties, ease of maintenance, high sensitivity towards chemical pollutants, and very reproducible results (7) . Several authors report D. magna as the best organism for evaluating the effect of semiconductor oxides and effluent post-treatment with an oxidation processes (7) (8) (9) . Different studies have reported the use of another model, the vegetable Lactuca sativa. With lettuce the aim is to evaluate if the root can germinate or if its growth is inhibited by the action of different materials or intermediates of the photocatalytic treatment. Some reports have described both positive and negative effects on root elongation (9, 10) . Hence, it can be utilized as a complementary toxicity assay to evaluate an alteration in plant physiology; in particular if water is used in agricultural practice or if its re-used. (11) . Due to silicon oxide's (SiO 2 ) modifications, it yields a vitreous material with mechanical stability, low expansion coefficient, high thermal shock resistance, and higher proportion of B 2 O 3 to alkali. Substitution decreases cation migration to the surface of the semiconductor, acting as an obstruction to the photocatalytic process. This is also known as semiconductor poisoning (4) . On the other hand, selection of the growth method should also be considered. A variety of methods have been reported, but some are expensive, require special equipment, and the development of large-scale films is difficult to implement (4, 5) . A good option for film growth is the sedimentation method under the action of gravitational forces. Among the main parameters that affect growth by sedimentation are: i) material size, ii) mono dispersity, iii) density of particles in the solvent, iv) surface charge density of the spheres, v) rate of evaporation of the solvent, and vi) settling velocity of the particles (12, 13) .
Consequently, this work presents a simple and rapid method to prepare TiO 2 films. We employed an economic catalyst material used as an additive in the pharmaceutical industry. To our knowledge its potential to discolor and reduce RB5 dye toxicity has not been reported in the literature. Additionally, the maximum concentration of dye that inhibits the process of photocatalysis was evaluated. Furthermore, we verified the numbers of cycles that TiO 2 films can be re-used at a laboratory scale.
Materials and methods

Preparation of TiO 2 solutions
The titanium dioxide (TiO 2 ) used for this study was obtained from a commercial product employed as an additive in makeup elaboration applications with the follow characteristics: A white non-porous power, with an average particle size between 45 and 250 µm. The powder has a density of 4.2 g/cc and 0.27% calcination residue. It is soluble in water (0.07%) and acid (0.10%). One gram TiO 2 was ultrasonically dispersed in 100 mL distilled water for 10 minutes (pH 6.4). The solution was brought to a pH of 1.3 by adding 500 µL of HNO 3 .
Preparation of TiO2 films
Borosilicate glass was used as the substrate (3.8 cm x 5 cm). Glass was cleaned before the deposition process. Substrates were successively sonicated for 15 min 15 mL of each:
Milli-Q water, ethanol, and acetone, and dried at 50 ºC. After washing, substrates were immersed in a TiO 2 solution (1% m/v) and placed horizontally at 50 ºC for 4 h to dry. This is known as the growth process. Thereafter, substrates were annealed at 450 ºC for 1 h. this final product is known as the film. The methodology was repeated twice (12).
TiO 2 film characterization
Film surface morphological features were observed using scanning electron microscopy. TiO 2 film crystallization behavior was analyzed by X-ray diffraction (XRD) using a X-Ray diffractometer (SIEMENS D-5000, Germany). Grazing incidence technique was used at 1.5 degrees, with a step size of 0.02 degrees and step time of 0.6 seg. TiO 2 film grain size before and after calcination treatment was calculated using the Scherer formula (d = 0.94λ/ B(2θ) cos θ, where λ is the x-ray wavelength, B(2θ) is the full width at half maximum intensity (FWHM), and θ is the diffraction angle.
An UV/VISs spectrophotometer was used to measure TiO 2 film absorption spectra. To determine the TiO 2 film's energy band gap (Eg), a direct band gap for TiO 2 was assumed. Based on this assumption absorption coefficient (α) is proportional to the square root of the photon energy (hv). The Eg was determined by ploting (αhν) 2 versus (hν) and extrapolating in the linear range at a zero absorption.
Quantity of TiO 2 deposited (mg) on substrate (borosilicate mg) was determined by calculating the weight difference before and after the growth process, considering total titanium dioxide area recovered.
Kinetics removal and RB5 (IMC RB5 ) inhibitory minimum concentration
Experiments were carried out in a 200 mL quartz photoreactor (15 cm height and 5.5 cm diameter) with 120 mL dye solution at various concentrations (10, 50, 70, 80 and 100 mg/L). Two films (18.5 ± 1.4 mg TiO 2 /mg borosilicate) were introduced into each dye solution and were radiated with 2 UV lamps (254 nm) for 10 h. Lamps were placed at 5 cm distance parallel to the glass. A horizontal shaker stirring at 100 rpm was maintained during all experiments. The analytical determinations for all experiments according to APHA (2005) were decolorization in percentage (%), pH, and chemical oxygen demand (COD) (14) . Dye photocatalytic transformation was followed using a spectrophotometric method which recorded the UV/VIS spectrum in every sample (0, 7 and 14 h) in the wavelength range 200-800 nm.
Sequencing batch experiments or reuse of TiO 2 films
To determine the number of cycles capable of supporting TiO 2 films, the photocatalytic reactor was inoculated with the same number of TiO 2 films and new RB5 dye solutions at 10 and 70 mg/L were added. The process was monitored for 10 h with samples collected at 0, 6 and 10 h. Afterwards, the effluent was removed and the system was loaded with a new batch of RB5. These experiments were carried out for seven cycles with three repetitions. The parameters evaluated were decolorizarion (%) and COD removal (mg/L).
Test organisms
Four different treatments were used to evaluate TiO 2 film's photocatalysis dye treatment effects on two organisms Lactuca sativa and Daphnia magna. The treatments were as follow: T 1 : untreated dye solutions in distilled water at 70 mg/L, T 2 : photocatalytic treatment without TiO 2 removal (the effluent had TiO 2 detached from the films during kinetic removal), T 3 : photocatalytic treatment with TiO 2 removal by centrifugation (8,000 g for 10 min), and T 4 : TiO 2 solutions at 1% (m/v) prepared with distilled water in the dark.
Vegetable model (Lactuca sativa)
A static acute toxicity test (120 h exposure) with Lactuca sativa Var. Great Lake Batavia was performed. For this study four treatments were evaluated (Table 1) with five dilutions per sample (D 1 = 12.5%, D 2 = 25% and D 3 = 50%, D 4 = 75% and D 5 = 100%). Twenty five seeds with similar size, shape, and color were placed on a Whatman No. 3 filter paper impregnated with 4 mL of sample in a Petri Dish and incubated at 22 ± 2 °C for 5 days in the dark. As a positive control Zn +2 at a concentration of 18 mg/L was used. For negative controls hard water was used. After incubation, the average length of roots per sample was estimated and recorded per concentration. Finally, we estimated the concentration that produced 50% inhibition on root elongation (IC 50 ), using the Probit method with a significance level of p < 0.05 (16) .
Animal model (Daphnia magna)
Static acute toxicity bioassay (48 h of exposure) was carriedout with Daphnia magna. For this study 25 mL solution was evaluated in five dilutions per sample as previously discussed: T 1 -T 4 (D 1 = 12.5%, D 2 = 25% and D 3 = 50%, D 4 = 75% and D 5 = 100%). As a positive control we used 0.13 mg/L Cr +6 , hard water was used as a negative control. Three replicates were performed for each control and dilution: Each sample contained ten 24 h old neonates. Neonates were observed after incubation at 21 ± 1 °C for 24 h and 48 h, with a 16 h light/8 h dark photoperiod, and light intensity of 800 lux. The number of dead organisms was recorded, and the lethal concentration 50 (LC 50 ) was calculated at 48 h, using the Probit method with a significance level of p < 0.05 (17) .
Results and discussion
Preparation of TiO 2 films
Sedimentation allows particles in suspension present in an aqueous solution to settle based on the effect of gravity. According to this concept, TiO 2 suspensions could present agglomeration and sedimentation behavior depending on particle characteristics. Such features include concentration, polydispersity, density, sedimentation rate, specific surface charge and pH (18, 19) .
For this study, a 1% (m/v) TiO 2 solution was used. The solution prepared probably determined a settling area or hindered settling, due to high solid concentration. This probably caused collision between aggregates producing a massive deposit over the substrate, most likely due to the solution's acidity. In addition, TiO 2 is an amphoteric molecule with an isoelectric point of 6.4. In the presence of acidic distilled water the particles were positively charged by proton absorption, producing an electrostatic attraction resulting in sedimentation.
TiO 2 films after drying at 50 ºC contained 9.86 ± 0.67 mg of TiO 2 /mg borosilicate. After calcination the amount decreased to 9.41 ± 0.78 mg TiO 2 /mg borosilicate. Change in TiO 2 /mg borosilicate quantity could be attributed to evaporation of physically adsorbed water on the film's surface. A similar result was reported by Ao et al. (2007) , with weight loss under different thermal dry conditions of TiO 2 films prepared by sol-gel methodology (20) .
Borosilicate glass without deposit evidenced that front and side of the substrate had a completely smooth surface. This feature might affect the film quality in relation to its homogeneity. In addition, the accelerated sedimentation caused by the pH resulted in a non-homogenous surface (Figure 1 a, b) .
On the other hand, films dried at 50 ºC and calcined at 450 ºC had a thickness of 4.21 ± 0.77 µm and 7.41 ± 1.2 µm respectively (Figure 1 c, d) . Formation of TiO 2 spherical particles on both films was observed with an irregular and porous surface, with polydisperse aggregates ranging between 200 nm and 70 nm (21) . Additionally, films were not cracked by the calcination process. Instead the calcination process helped attach the substrate to the semiconductor oxide (Figure 1 e, f) . In addition calcinated films had good mechanical stability, as demonstrated by placing the films under physical stress (sonication). Only 5% detachment was observed. In contrast, films dried at 50 ºC had a detachment greater than 80%. The stability was associated with agglomeration and compactation among TiO 2 particles. Moreover, double cycle growth could have also promoted attachment where the first layer acted as cement for the second one, increasing the resistance to the ultrasonic wave effect. An evident association between particle size and morphology was observed when comparing commercial TiO 2 films and TiO 2 Degussa P-25. Conclusively, commercial TiO 2 can be used as an easily acquired substitute in Colombia, promoting economic viability for the process (22, 23) . Figure 2 and demonstrated crystalline films . It was predominately in the anatase phase with planes (101), (103) stability at high temperatures. Furthermore, increasing temperatures led to a possible semiconductor oxide compaction with an average crystal size of 77.8 nm and 77.3 nm for 50 ºC and 450 ºC respectively. These results could be associated with a decrease in surface area by a possible collapse between the porous and agglomeration structure from TiO 2, and a sintering film phenomenon (23) . Furthermore, the average crystal size was similar to that obtained by Verma, 2007 (24) , which demonstrated that after three hour heat treatment at 480 ºC 40 nm crystals for anatase phase 101 were obtained. TiO 2 films absorption spectrum dried at 50 °C and annealed at 450 ºC are illustrated in Figure 3 (a b) . Experimental values for Eg were obtained by extrapolation. A linear relationship was established for the curves at the point where absorption was zero. The band gap energies determined were 3.02 eV for the film dried at 50 °C left and right and 2.68 eV for the TiO 2 annealing at 450 °C. GAP values were similar to those reported in the literature for crystalline and powder materials such as TiO 2 Degussa P-25 used as a reference semiconductor. From these results, it was established that for photocatalysis experiments a radiation source generating a photon with energy equal or greater than the GAP value to induce photooxidation properties and formation of electronhole pairs is required. This was ensured by using an UV lamp with a maximum emission of 254 nm, approximately equivalent to an energy of 4.8 eV.
Crystallographic analysis (XRD) is depicted in
Kinetics removal and RB5 (IMCRB5) minimum concentration inhibition
According to decolorizing results, it was determined that minimum concentration of dye (IMC RB5 ) that inhibits or affects the photocatalytic process (assuming a loss greater than 80% removal) was 80 mg/L (17% at 10 h), followed by 87 and 100% for 70, 50 and 10 mg/L with retention times of 10, 9 and 6 h (Figure 4) . Decolorization by TiO 2 adsorption in the dark did not exceed 10% for all treatments (data not shown), determining that decolorization was conducted primarily by the photocatalytic process. Hydroxyl radical generated by UV light interaction and catalysis (18.5 ± 1.4 mg TiO 2 /mg borosilicate) possibly attacked N=N and C-N bonds modifying conjugated π system linked to the dye producing a great structural change. These events resulted in rapid discoloration at the following concentrations: 10, 50, and 70 mg/L (3).
Two factors accounted for decolorization obtained at concentrations of 10, 50 and 70 mg/L: concentration effect of the dye on the photocatalytic process and primary dye adsorption to the semiconductor's surface during stabilization in the dark (30 min). For the first factor, it has been reported that for high dye concentrations UV light's pathway is unable to reach TiO 2 films, generating photocatalytic efficiency loss. Regarding the second factor, BR5 dye is anionic, having a sulphonic group generating an electrostatic interaction with the positively charged TiO 2 surface. Low concentrations possibly promote this interaction. When the saturation's constant of semiconductor oxide is exceed, the effect is adverse. Active sites of TiO 2 are blocked by excess dye, as observed at concentrations of 80 and 100 mg/L (25, 26) .
In regards to discoloration percentages our results are consistent with those reported in literature in particular to those documented by Damodar and You, 2010 (3) . Although they employed the same dye at high concentrations (100 mg/L) and 0.5 g/L of TiO 2 in a 3 L tank,with decolorization greater than 95% after approximately 3.6 h, it is noteworthy that we used a TiO 2 concentration 27 fold lower than that employed by Damonar and You (500 mg/L vs. 18 mg/L) In addition, Bergamini et al. 2009 reported a 97% BR5 (70 mg/L) discoloration at 5 minutes after treatment using 4000 mg/L of TiO 2 in suspension, a value 200 times higher than that reported in our study (27) . Additionally, we observed desorption of TiO 2 from the support did not exceed 5% (0.90 ± 0.01 mg of TiO 2 ). This is a low value considering that the sedimentation method and thermal treatment were responsible for attaching semiconductor oxide to borosilicate glass.
Values of pH were measured at the beginning and at the end of the process for each concentration of dye evaluated. At high dye concentration the values ranged between 5.0 ± 0.8 and 4.5 ± 0.3. and low dye concentration pHs were 3.92, 3.03 and 3.00 for 70 mg/L, 50 mg/L and 10 mg/L respectively. This change could possibly be attributed to the formation of acids such as dioxide sulphonic acid, dihidrodihydronaphthalene, oxalic acid, among others. These products have been reported in the literature as possible intermediates of the photocatalytic degradation (3, 28) .
Similarly, COD removal had a comparable behavior to decolorization at high concentrations with removal of 18 and 10% for 80 and 100 mg/L from dye at 10 h (50 and 71 mg/L COD). This demonstrates that TiO 2 is affected by the presence of conjugated aromatic structures in high proportion at this concentration. These effects could be due to a hindrance of UV light pathway or a competition between the wavelength and TiO 2 for the semiconductor photoexcitation (Figure 4) . Contrary, at low concentrations of dye the removal increases with time reaching 85% and 83% at 10 and 50 mg/L at 7 h respectively, compared with 65% at 70 mg/L in 10 h. COD removal was slower than decolorization. Aromatic rings such as anthracene and benzene are likely more difficult to oxidize than N=N and C-N bonds which are responsible for dye chromophore group formation (29) .
Sequential cycles of removal and re-use of TiO 2
A new batch of TiO 2 films were produced for this experiment using the same dimensions previously mentioned with approximately 19.12 ± 0.56 mg of catalyst deposited. Figure  5 shows removal cycles results of 70 mg/L (6 cycles of 10 h) and 10 mg/L (6 cycles of 6 h). For the 70 mg/L BR5, 6 cycles of decolorization were carried-out for 60 consecutive hours. We obtained more that 85% decolorization in the three first cyles. A decolorization under 12% was obtained for the rest of the cycles. For 10 ppm (360 h continuously) decolorization remained above 85% for 5 cycles during 30 h. The percentage decreased to 20% afterwards. COD concentration behavior was similar to decolorization on re-used TiO 2 cycle number. However, removal was lower compared to decolorization. Again, this demonstrates that the dye has an structure with more complex fractions to oxidize than the chromophores of the dye. Sequential loss in fading could be related to certain progressive adsorption to the surface of TiO 2 , blocking active sites or the release of small amounts of catalyst. According to studies by other authors it is known that if black reagent 5 is transformed to sulfate (SO 4 2- ) from sulphonic groups, and other intermediates such as ammonium (NH 4 + ), nitrite (NO 2 -) and nitrate (NO 3 -) are realased from azo bonds. These ions are adsorbed strongly to TiO 2 under acidic conditions and could produce an adverse effect on surface accumulation.
UV/VIS spectra change during treatments
BR5 before photocatalytic treatment (Figure 6 ) had characteristic peaks as previously reported in the literature (3, 29) . A597 nm peak corresponding to the N=N chromophore group containing a conjugated π system was observed. A second peak detected at 310 nm coincides with that of naphthalene. Finally a third peak recognized at 254 nm agrees with that of benzene structures. After 10 h and 6 h photocatalytic dye treatment at 70 mg/L and 10 mg/L concentrations showed a decrease in visible light absorption. This resulted from double bond N=N cleavage, which was more evident at low concentrations. In relation to the 310 nm peak at 70 mg/L and 10 mg/L, a marked decrease was evidenced. The 254 nm peak increased slightly with both concentrations, demonstrating that naphthalene could be transforming into benzene. Other intermediates that may also be present are sulphonic acid-dihydronaphthalene, phenol, oxalic acid, among others (3, 29) .
Toxicity study with Lactuca sativa and Daphnia magna
Toxicity studies with Lactuca sativa and Daphnia manga were carried out before and after BR5 decolorization. Results demonstrate that D. magna was more sensitive than L. sativa, with a mortality percentage of 8.0 -7.5% at 100% (v/v) for T 1 , 60 -55% at 25% (v/v) for T 2 , 24 -21% at 25% (v/v) for T 3, and 5 -4% at 100% (v/v) for T 4 . At the same time L. sativa assay displayed an inhibitory germination percentage of 10 -12% at 100% (v/v), 75 -77% at 50% (v/v), 60 -65% at 50% (v/v) and 7.0 -8.5% at 100% (v/v) for the same order of treatments.
Oxidation processes were very efficient for color removal and COD. However, treated water may retain intermediaries un-absorbable in the visible light spectrum. Because they are refractory they could be generating an adverse effect on the aquatic ecosystem. Due to this precedent, animal and plant tests were performed.
From our results we were unable to perform Lethal dose 50 (LC 50 ) for D. magna nor inhibitory concentrations for L. sativa (IC 50 ). Hence, all values were expressed as percentage (v/v). Dye at 70 mg/L without treatment presented median toxicity for the two organisms tested at 100% (v/v). At lower dilutions no effects were presented. A similar behavior was evidenced for a TiO 2 at 1% (m/v) solution prepared in distilled water. This specific treatment aimed to assay TiO 2 toxicity responsible for D. magna's mortality and inhibition of seed germination in L. sativa. Moderate adverse effects presented in D. magna for treatments 2 and 3 could be due to intermediaries formed during the photocatalytic process at 10 h of treatment. Nevertheless, a decrease on acute toxicity was observed, because T 2 and T 3 for D. magna presented the highest percentages of toxicity but at lower dilution (25%) compared to T 1 y T 4 . L. sativa displayed a higher toxicity percentage compared to D. magna at a 50% dilution. This suggests that the animal model is more sensitive than the vegetal assay ( Table 1) .
On the other hand, the presence of residual TiO 2 in post treatment water (T 2 ) and treatment with removal after centrifugation (T 3 ) could contribute to the adverse effect observed. However, it could be considered that some dye degradation intermediariesmight be adsorbed on the TiO 2 surface. In addition to TiO 2 we propose that other factors could be contributing to the toxic effect, because of low toxicity values for semiconductor oxide (T 4 ). A possible cause in D. magna's sensitivity relates to TiO 2 accumulation in the digestive tract, leading to death within 48 hours.
The mortality percentages obtained in this study were lower: 4% -5% at 100% (v/v), than those reported by other authors (35% at 100 %) at 48 h. These differences might be related to the material's characteristics, such as particle size, route of synthesis, and concentration evaluated. Crystal mean size could have also contributed to toxicity loss for conditions In all, the results obtained by this work lead us to propose for future studies the quantification of intermediaries to verify possible mechanism for dye degradation consider the establishment of phytotoxicity assays.
The results from this work suggest that commercial grade semiconductor oxide could become a substitute material for TiO 2 Dagussa for the following reasons: commercial TiO 2 has a greater anatase phase proportion, frequently associated with the photocatalytic process. The crystal size is similar to Dagussa's. The commercial source satisfactorily responds to the process of photoexcitation with ultraviolet lamps. Finally it has a reduced cost compared to that of Dagussa at two cents (US dollars) per gram.
Conclusions
Commercial TiO 2 films grown by sedimentation process using borosilicate glass as a support, showed high decolorization of RB5 dye and COD removal (86% and 100%), respectively. In addition, toxicity was reduced. Furthermore, when evaluating animal vs. vegetable model, the former was more sensitive. This work demonstrated that photocatalysis with pharmaceutical grade TiO 2 provides an easy, low-cost, and reproducible method for treating dyes, allowing its re-use for several consecutive cycles of treatment.
